Introduction
Senior-Løken syndrome (SLS) is an autosomal recessive disease characterized by development of a retinitis pigmentosa (RP) or Leber congenital amaurosis (LCA)-like retinal dystrophy, medullary cystic kidney disease and nephronophthisis (NPHP). Mutations in several genes (called nephrocystins) have been shown to cause SLS. Nephronophthisis is characterized by a chronic tubulointerstitial nephritis that progress to terminal renal failure during the second decade (juvenile form) or before the age of 5 years (infantile form). In the juvenile form, a urine concentration defect starts during the first decade, and progressive deterioration of renal function is observed into the following years [1] . We present a patient of juvenile nephronophthisis with dysthyroidism as extrarenal manifestation and resulting or associated magnesium depletion in nephronophthisis.
Case report
A 27-year-old male presented with gait problems, sever pruritus since 10 days prior time of admission. In medical history, he is a case of bilateral cataract, torsional nystagmus, and bilateral optic nerve atrophy since 2 years of age and was diagnosed as Leber's congenital amaurosis by ophthalmologist.
The patient had visited by endocrinologist 2 years before admission on nephrology ward due to hypofunctioning state of thyroid gland and started levothyroxine for him. At the Abstract Nephronophthisis, an autosomal recessive kidney disease, represents the most frequent genetic cause of end-stage kidney disease in the first three decades of life. A 27-year-old male was presented with gait imbalance, sever pruritus since 10 days prior time of admission. In past medical history, he had bilateral cataract, torsional nystagmus, and bilateral optic nerve atrophy since 2 years of age. He was also mentioned history of multinodular goiter with dysfunctional thyroid state since 2 years before admission. At admission bilateral blindness, torsional nystagmus, asymmetric thyromegaly with nodularity was found in physical examination. Laboratory tests showed elevated urea and creatinine (200, 10.7 mg/dl), hypomagnesemia (1.1 mEq/l), decreased thyroid stimulating hormone (<0.004 mIU/l). Ophthalmologist consultation confirmed retinitis pigmentosa. Renal sonography showed small-sized kidneys. Brain magnetic resonance imaging did not reveal molar tooth sign. Genetic testing performed and a large homozygous deletion at the NPHP1 gene locus was found. The patient was diagnosed with juvenile nephronophthisis and consideration of dysthyroidism as extrarenal manifestation of nephronophthisis is suggested in this case. Furthermore, loss of function mutation in SLC41A1 gene that leads to magnesium depletion must be noted in patients with suspected to nephronophthisis. same time, the patient had pancytopenia/bicytopenia and normal renal function. Few several months later he found hyperfunctioning thyroid state, gait problems, sever pruritus, elevated serum urea and creatinin levels that started hemodialysis for him. In family history, his father grandparents were relative. Furthermore, his parents are firstdegree cousins and asymptomatic except history of hypothyroidism in his mother. Also his brother was developed intestinal obstruction in postnatal period and then dilated cardiomyopathy and hypothyroidism were detected in him. For this reason, levothyroxin was started for him, but he was expired at the 5 years old. His sister is asymptomatic carrier and unaffected. On admission, in physical examination he was well-developed, undernourished young male, stable normal blood pressure. Eye examination showed pale conjunctiva, bilateral blindness, and torsional nystagmus. In neck detected asymmetric thyromegaly with nodularity and neck sonography confirmed it. Cardiac examination was normal except grade II over VI (GII/VI) systolic murmur in apex and left lower sternal border (LLSB). In abdominal examination, there was no hepatosplenomegaly.
The patient was alert and oriented to time, place and person and had decreased deep tendon reflexes in neurological examination. Skin was pale, dry and scaly and there was diffuse, patchy and brownish discoloration in back. + mitral regurgitation. In direct ophthalmoscopy by ophthalmologist bilateral cataract, pigmentary changes as bony spicule in peripheral retina (retinitis pigmentosa) with optic nerve atrophy and vascular attenuation were observed. Gene analysis with deoxyribonucleic acid (DNA) extraction from blood samples through whole exome sequencing based copy number variant (CNV) plus polymerase chain reaction/gel electrophoresis analysis revealed a large homozygous deletion at the NPHP1gene locus (Fig. 1) . The patient underwent hemodialysis and then performed kidney transplantation for him 3.5 years ago. Currently, kidney allograft function is acceptable with serum creatinin of 1.4 mg per dl.
Discussion
Senior-Løken syndrome (SLS) is an autosomal recessive disease. A combination of RP or LCA and nephronophthisis develops in patients with SLS. The inspiration for the term nephronophthisis (ancient Greek for kidney/nephron decline) came from the observation that in contrast to more frequent cystic kidney disease such as autosomal dominant polycystic kidney disease, the kidney size in NPHP patients is often small [2] . Three clinical forms of NPHP have been distinguished by onset of end-stage kidney disease (ESKD): infantile, juvenile and adolescent NPHP which manifests with ESKD at the median ages of 1, 13 and 19 years old, respectively [3] [4] [5] . Initial symptoms are relatively mild and consist of polyuria, polydipsia with regular fluid intake at nighttime, secondary enuresis and anemia. At an average of 9 years of age, a slightly raised serum creatinin is noted, before invariably developing within a few years. Renal sonography reveals increased echogenicity. Later, cysts appear at the corticomedullary junction. Kidneys are normal or slightly decreased in size. Renal histology reveals a characteristic triade of tubular basement membrane disruption, tubular interstitial nephropathy and corticomedullary cyst. In nephronophthisis, cysts arise from the corticomedullary junction of kidneys. In humans, cilia are found on almost every cell in the body, and they can be broadly categorized into motile and nonmotile cilia, but not both. Gene products of some of the NPHP genes are found in the cilia of other organs. Mutations of these genes result in the nonrenal manifestations of NPHP, such as retinitis pigmentosa, which occurs in 20% of all genes of NPHP. Chaki et al., in a study, evaluated a worldwide cohort of 440 patients from 365 families with NPHP-related ciliopathies, in whom both disease-causing alleles were identified. Analysis of genotype-phenotype correlation in NPHP1 revealed extrarenal manifestations in 55 families: specifically, 24 had central nervous system defects (oculomotor apraxia type cogan, mental retardation, locomotive disorders, cerebrovascular accident, developmental delay, porencephaly, hydrocephalus, and epileptic seizure) and 27 had eye involvement (tapetoretinal degeneration, optic nerve atrophy, and pigmented fundus).Two families exhibited liver fibrosis and two had heart anomalies (hypertrophic non-obstructive cardiomyopathy and aortic stenosis) [6] .
Our patient presented with thyroid disease as if hypothyroid functional state was detected first and then thyroid showed increased function with multinodular thyroid on ultrasonography. Endocrine abnormalities as thyroid hormone deficiency have found in joubert syndrome related disorders (JSRD), but thyroid disorders have not been mentioned as extrarenal manifestations of NPHP in the literature review so far [7, 8] . The reasons for this hypothesis are that we know primary cilia are present on a wide variety of cell types such as the bile duct, the kidney tubule, the pancreas, the thyroid, smooth muscle cells, neurons, fibroblasts, and chondrocytes [9] and furthermore they were first observed in the renal epithelium and thyroid gland [10, 11] , perhaps association between NPHP and thyroid disorders can be illustrated via this observation. In children with recessive mutations in the 1, 2, 3 and 4 genes, retinitis pigmentosa occurs in approximately 10% of all affected families without any obvious genotype/phenotype correlation. The early onset type seems to represent a form of Leber's congenital amaurosis, because children exhibit coarse nystagmus and/or blindness at birth or develop these symptoms within the first 2 years of life [12] . Our patient showed bicytopenia/pancytopenia with low reticulocyte count percent on laboratory investigations. It appears that Vit B12 deficiency causes this problem. Furthermore, clinical picture of optic neuropathy associated with Vit B12 deficiency shows similarity to that of leberʼs hereditary optic neuropathy. On admission, hypomagnesemia despite uremic syndrome was detected in our patient. Magnesium deficiency may be caused by extrarenal causes and renal magnesium wasting. Salt-losing tubulointerstitial nephropathy and primary magnesium-wasting disorders can be considered in this patient. Although hypomagnesemia occasionally complicates nonoliguric acute tubular necrosis associated with nephrotoxic drugs, but hypokalemia is accompanied with these conditions. Recently Kolisek et al. has reported that the human solute carrier family 41, anion exchanger, member 1[SLC41A1 (mapped on chromosome 1q 31-32)] encodes for the Na + /Mg 2+ exchanger 4 [13] and gain of function mutation of SLC41A1 is associated with Parkinson's disease [14] . But in study by hurd et al., whole-exome capture revealed a homozygous splice acceptor site mutation in the renal Mg 2+ transporter SLC41A1. This mutation Nl normal, hpf high power field Fig. 1 Characteristics of gene analysis. GRCh 37, genome reference consortium human reference 37 resulted in skipping of exon 6 of SLC41A1, resulting in an in-frame deletion of a transmembrane helix. Transfection of cells with wild-type or mutant SLC41A1 revealed that deletion of exon 6 completely blocks the Mg 2+ transport function of SLC41A1. Furthermore, in normal human kidney tissue, endogenous SLC41A1 specifically localized to renal tubules situated at the corticomedullary boundary, consistent with the region of cystogenesis observed in NPHP and related ciliopathies. Last, morpholino-mediated knockdown of SLC41A1 expression in zebrafish resulted in ventral body curvature, hydrocephalus, and cystic kidneys, similar to the effects of knocking down other NPHP genes. Moreover, downstream of the NPHP-protein/ciliary network is considered in regulation of the SLC41A1 transporter regulation. Taken together, these data suggest that defects in the maintenance of renal Mg 2+ homeostasis may lead to tubular defects that result in a phenotype similar to NPHP, but no correlation between SLC41A1 mutation and NPHP 1 disorder phenotype has been found in literature review so far [15] . Unfortunately, SLC41A1 mutation has not been checked at our patient. In order to establish a clinical diagnosis of NPHP, a detailed history, clinical examination including looking for extrarenal associations (abnormal eye movement, retinopathy, ataxia, polydactyly and cardiac malformations) is required. A detailed family history must be taken both to facilitate diagnosis and to highlight other individuals who should be invited for review. Appropriate investigation including renal and liver function tests, urine concentration ability, renal and hepatic ultrasound and cerebral imaging if clinically indicated and must be referred to an ophthalmologist. After genetic counselling by geneticist, blood may be sent for genetic testing (Fig. 2) [16] . Gene analysis (with emphasis on the variants within 23 genes known to be involved in nephronophthisis and related ciliopathies) in this case revealed homozygous NPHP 1 gene deletion that is similar with NPHP 1 associated JSRD, but previous different studies demonstrated the presence of MTS on cerebral imagings in all of the cases of NPHP 1 associated JRSD [17] [18] [19] [20] [21] . Although, study by Maria et al. revealed MTS in 85% cases of pure joubert syndrome with 13% of these showing additional malformations, patients without the MTS had other mimicking conditions such as neocerebellar dysgenesis, isolated vermian atrophy, cerebellar aplasia, and cystic dilation of the cisterna magna [22] . Currently there is no effective prophylaxis or treatment available for NPHP other than supportive treatment once chronic renal failure has developed, and dialysis and transplantation for terminal renal failure. Successful renal transplantations have been performed in patients with juvenile nephronophthisis, without the recurrence of the disease in the transplanted organ. An important future challenge will be the development of therapies that capitalizes on what we have learnt about the biology of NPHP and other cystic disease of the kidney [23] . Currently, next generation sequencing (NGS) that is also known as massively parallel sequencing and clinical perspectives is mostly used for research purposes in order to identify novel disease genes and to gain more insights into genotype-phenotype correlations in a time and cost effective effort. Although NGS will improve diagnosis, prognosis and genetic counseling for patients in daily clinical practice, there are also challenges for the implementation of this technology in DNA diagnostics. The power of NGS has proven itself in research laboratories, and in the coming years this technology will be implemented in DNA diagnostics laboratories throughout the world. Whereas disease genes are currently stepwise the Sanger sequenced in diagnostics based on an educated guess at the best candidate gene, whereby clinical phenotype, mutation frequency, and ethnic origin are considered, unbiased mutation screening through NGS is expected to be much more effective [24] [25] [26] . Whole exome resequencing establishes an efficient, non-invasive approach towards early detection and causation-based diagnosis of recessive disease genes [27] . To the best our knowledge, this is the first report of thyroid disorder as extrarenal manifestation of nephronophthisis. Furthermore, loss of function mutation in SLC41A1 gene must be considered in nephronophthisis and related ciliopathies.
Conclusion
Diagnosis of nephronophthisis must be considered in patients presenting with renal failure and ocular involvement. Molecular study can play a very useful role in confirmation of diagnosis. Once the diagnosis of nephronophthisis has been made, complete work-up must be done in order to identify extra-renal disorders. The presented case suggests thyroid dysfunction as extra-renal manifestation of nephronophthisis. Furthermore, loss of function mutation in SLC41A1 gene that leads to magnesium depletion must be noted in patients with suspected to nephronophthisis and nephronophthisis-related ciliopathies. Finally, kindred must be investigated for early detection of nephronophthisis.
